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Coccinellids, aphids, and pollen in diversified
vegetable fields with transgenic and isoline cultivars
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,QWHJUDWHG SHVW PDQDJHPHQW ,30 SUDFWLFHV
VWULYH WR DGYDQFH SHVW FRQWURO ZKLOH PLQLPL]LQJ
FRVWV DQG HQYLURQPHQWDO LPSDFWV 7KHVH
PDQDJHPHQW WHFKQLTXHV HQFRXUDJH FRQVHUYDWLRQ
RI EHQHILFLDO RUJDQLVPV ZKLOH GHFUHDVLQJ
LQVHFWLFLGHV 7KH XVH RI JHQHWLFDOO\ PRGLILHG
RUJDQLVPV *02V LQ DQ ,30 SURJUDP PD\
IDFLOLWDWH PRUH WDUJHWHG SUHFLVH SHVW FRQWURO ,Q
DGGLWLRQ SRO\FXOWXUHV KDYH UHGXFHG SHVW SUHVVXUH
ZKLOH LQFUHDVLQJ EHQHILFLDO LQVHFW SUHGDWRU
GHQVLWLHV 5RRW  %DFK  7UXMLOOR$UULDJD
DQG $OWLHUL  7RRNHU DQG +DQNV  ,Q WKH
QRUWKHDVWHUQ 86 YHJHWDEOH IDUPV DUH RIWHQ
FRPSULVHG RI LQWHUGLVSHUVHG VPDOO ILHOGV WKXV
DSSURDFKLQJ SRO\FXOWXUHV RQ D IDUPVFDOH 7KHVH
IDUPV VHOO IUHVK SURGXFW YLD GLUHFW PDUNHWLQJ DQG
SODQW PXOWLSOH YHJHWDEOH FURS VSHFLHV ZLWK
PXOWLSOH SODQWLQJ RI WKHVH FURSV 6HYHUDO FURSV
UHOHYDQW WR QRUWKHDVWHUQ DJULFXOWXUH LQFOXGLQJ
VZHHW FRUQ VTXDVK DQG SRWDWRHV KDYH RU KDYH
UHFHQWO\ KDG FRPPHUFLDOO\ DYDLODEOH JHQHWLFDOO\
PRGLILHG FXOWLYDUV FUHDWLQJ WKH SRWHQWLDO RI ,30
SURJUDPV WKDW FRPELQLQJ GLYHUVLILHG FURSSLQJ
V\VWHPV DQG *02V DW D IDUPVFDOH &RQFXUUHQW
ZLWK WKH LQWURGXFWLRQ RI *02V WKH W\SHV RI
LQVHFWLFLGHV DQG WKHLU XVH SDWWHUQV DUH UDSLGO\
FKDQJLQJ VXFK DV WKH XVH RI QHRQLFRWLQRLGV
DSSOLHG DWSODQWLQJ LQVWHDG RI PXOWLSOH IROLDU
DSSOLFDWLRQV LQ ERWK SRWDWRHV DQG FXFXUELWV DQG
QHRQLFRWLQRLG VHHG WUHDWPHQW FRXSOHG WR
WUDQVJHQLF FXOWLYDUV $OWKRXJK UHFHQW VWXGLHV KDYH
FRQVLGHUHG HSLJHDO FRPPXQLWLHV LQ WKHVH V\VWHPV
0XOOHQ et al.  /HVOLH HW DO  OLWWOH LV
NQRZQ DERXW WKH HIIHFWV RI *02V RQ IROLDJH
QRQWDUJHW LQVHFWV ZLWKLQ D GLYHUVLILHG IDUP XVLQJ
FXUUHQWLQVHFWLFLGDOPDWHULDOVDQGXVHSDWWHUQV
/DG\EXJV &ROHRSWHUD &RFFLQHOOLGDH DUH RQH
QRQWDUJHW WD[RQ WKDW DUH HDVLO\ IRXQG RQ
GLYHUVLILHG IDUPV DQG KDYH ORQJ EHHQ XVHG DV D
ELRORJLFDO FRQWURO DJHQW RI QXPHURXV DSKLG
VSHFLHV +D]]DUG DQG )HUUR  'UHLVGDW DQG
)OLQW  (OOLRW HW DO  LQ D ZLGH UDQJH RI
FURSV >SHFDQV /D5RFN DQG (OOLQJWRQ  FKLOL
SHSSHUV 9RWDYD DQG %RVODQG 
FKU\VDQWKHPXPV 'UHLVWDGW DQG )OLQW 
DOIDOID (OOLRW HW DO  FRUQ $QGRZ DQG 5LVFK
@ $OWKRXJK HFRORJLFDO WKHRULHV VXJJHVW WKDW D
PRUH FRPSOH[ SODQW V\VWHP ZLOO SURPRWH D JUHDWHU
GLYHUVLW\ RI SUH\ DQG PRUH HIILFLHQW SUHGDWRU
SRSXODWLRQV 5RRW  %DFK  FRFFLQHOOLGV
GR QRW FRQVLVWHQWO\ IROORZ WKLV GLFWXP $QGRZ
DQG 5LVFK  ,Q PRQRFXOWXUHV SUH\ DQG
SROOHQ VRXUFHV DUH PRUH DEXQGDQW DQG HYHQO\
GLVWULEXWHG WKDQ SRO\FXOWXUHV UHVXOWLQJ LQ KLJKHU
Coleomegilla maculata 'H *HHU SRSXODWLRQV
$QGRZ DQG 5LVFK  +LJKHU FRFFLQHOOLG
SRSXODWLRQV LQ PRQRFXOWXUHV VXJJHVW WKDW
FRFFLQHOOLGV DUH UHJXODWHG E\ WKH IRRG TXDQWLW\ DV
RSSRVHGWRTXDOLW\$QGRZDQG5LVFK
)RU PDQ\ FRFFLQHOOLG VSHFLHV DSKLGV DUH HVVHQWLDO
IRU WKHLU RSWLPXP GHYHORSPHQW DQG IHFXQGLW\
%DXPJDHUWQHU HW DO  .DODVNDU DQG (YDQV
 .DOXVKNRY DQG +RGHN  DQG C.
maculata GHYHORSV IDVWHU ZKHQ FRQVXPLQJ ODUJH
QXPEHUV RI DSKLGV &KHGHVWHU  ,Q DGGLWLRQ
WR SUH\ FRFFLQHOOLGV HDW SROOHQ IRU D ULFK VRXUFH RI
SURWHLQ ,Q VRPH VSHFLHV HJJ SUHGDWLRQ GHFUHDVHV
ZKHQ VZHHW FRUQ SROOHQ LV DYDLODEOH DV DQ
DOWHUQDWLYH IRRG VRXUFH 3IDQQHQVWLHO DQG <HDUJDQ
 'LUHFW WR[LFRORJLFDO HIIHFWV RQ FRFFLQHOOLGV
IURP LQJHVWLRQ RI WKH FROHRSWHUDQWDUJHWLQJ
&U\%E SURWHLQV WKURXJK ILHOG FRUQ SROOHQ KDV
EHHQ QHJOLJLEOH 'XDQ HW DO  /XQGJUHQ DQG
:LHGHQPDQQ  $O'HHE DQG :LOGH 
1RQHWKHOHVV D GLHW VROHO\ RI SROOHQ GRHV QRW
SURGXFH WKH KLJKHVW UDWH RI GHYHORSPHQW 5LGGLFN
DQG %DUERVD  VXJJHVWLQJ WKDW D GLHW RI SODQW
DQGLQVHFWPDWHULDOLVRSWLPDO
:KHQ WUDQVJHQLF FXOWLYDUV DUH LQFRUSRUDWHG LQWR
DQ DJURHFRV\VWHP SHVWLFLGH XVH SDWWHUQV DQG SUH\
FRPPXQLWLHV DUH FKDQJHG ZKLFK PLJKW LQIOXHQFH
WKH SRSXODWLRQ G\QDPLFV RI FRFFLQHOOLGV WKURXJK
GLUHFW RU LQGLUHFW HIIHFWV )ROLDU DSSOLFDWLRQV RI
LQVHFWLFLGHV FDQ HLWKHU LQFUHDVH DSKLG SRSXODWLRQV
E\ UHPRYDO RI QDWXUDO HQHPLHV RU UHGXFH DSKLG
SRSXODWLRQV WKURXJK GLUHFW WR[LF HIIHFWV $W D
VLQJOH FURS OHYHO SUHYLRXV VWXGLHV IRXQG QR
FKDQJHV EHWZHHQ FRFFLQHOOLG SRSXODWLRQV LQ
WUDQVJHQLF DQG QRQWUDQVJHQLF SRWDWR 5LGGLFN HW
DO  DQG FRUQ 3LOFKHU HW DO  ,Q WKHVH
VWXGLHV DQ DOWHUQDWLYH SUH\ RU SROOHQ IRRG VRXUFH
ZDVDEXQGDQWLQWKHWUDQVJHQLFFURSV
,Q WKLV VWXG\ WKH LQIOXHQFH RI FRQFXUUHQW
LQWURGXFWLRQ RI WKUHH *02 YHJHWDEOH FXOWLYDUV DV
SDUW RI DQ ,30 SURJUDP RQ VHDVRQDO G\QDPLFV RI
FRFFLQHOOLGV DQG WKHLU IRRG DSKLGV DQG SROOHQ ZDV
LQYHVWLJDWHG ZLWKLQ D VHWWLQJ UHOHYDQW WR
FRPPHUFLDO GLYHUVLILHG IDUPV LQ QRUWKHDVWHUQ 86
DJURHFRV\VWHPV 7KH SORWV VWXGLHG LQFOXGHG WKH
LVROLQH YDULHWLHV RI VZHHW FRUQ SRWDWRHV DQG
ZLQWHU VTXDVK DQG WKHLU WUDQVJHQLF FXOWLYDUV WKDW
SURWHFW DJDLQVW OHSLGRSWHUDQV Leptinotarsa
decemlineata 6D\ DQG DSKLGWUDQVPLWWHG
YLUXVHV UHVSHFWLYHO\ :H K\SRWKHVL]HG WKDW WKH
KRVW SODQW ZLOO DIIHFW LQVHFW SRSXODWLRQ G\QDPLFV





ORDGV VKRXOG FRQWDLQ WKH PRVW FRFFLQHOOLGV ZKLOH
WKH VHDVRQDO G\QDPLFV DQG SUHGDWRUSUH\
UHODWLRQVKLSV ZLOO QRW GLIIHU EHWZHHQ




7KUHH DFUHV RI YHJHWDEOHV FRQVLVWLQJ RI VZHHW
FRUQ DFRUQ VTXDVK DQG SRWDWR ZHUH JURZQ LQ D
VSOLW SORW GHVLJQ DW WKH 5XVVHO ( /DUVRQ
([SHULPHQWDO )DUP LQ 5RFN 6SULQJV
3HQQV\OYDQLD LQ WZR PDLQ SORWV D WUDQVJHQLF DQG
LWV LVROLQH ZHUH UHSOLFDWHG WKUHH WLPHV (DFK PDLQ
SORW ZDV VSOLW DPRQJ WKH  FURSV VZHHW FRUQ
DFRUQ VTXDVK DQG SRWDWRHV )LJXUH  $Q
DOIDOIDJUDVV PL[ IRUPHG WKH ERUGHUV RI DOO SORWV
DQG WKLV ZDV NHSW PRZHG 0DLQ SORWV ZHUH  P [
 P  KHFWDUHV DQG VXESORWV ZHUH  P
;  P  KHFWDUHV &XOWLYDUV LVROLQH DQG
WUDQVJHQLF UHVSHFWLYHO\ FRQVLVWHG RI µ-DFNSRW¶
DQG µ%& ¶ H[SUHVVLQJ WKH &U\$E HQGRWR[LQ
LQ WKH VZHHW FRUQ µ7D\EHOOH¶ DQG µ7D\EHOOH 30¶
H[SUHVVLQJ SODQW YLUDO FRDW SURWHLQV IRU WKH DFRUQ
VTXDVK DQG µ6XSHULRU¶ DQG µ1HZ /HDI 6XSHULRU¶
H[SUHVVLQJ WKH &U\ $ HQGRWR[LQ IRU WKH SRWDWRHV
7KH FRUQ DQG SRWDWRHV ZHUH SODQWHG ZLWK D  P
VHHG VSDFLQJ WRWDOLQJ  SODQWVURZ RU 
SODQWVFRUQ VXESORW  P URZ VSDFLQJ DQG
 SODQWVSRWDWR VXESORW  P URZ VSDFLQJ
7KH VTXDVK ZDV SODQWHG LQ SODVWLF PXOFK IRU ZHHG
FRQWURO DQG VSDFHG DW  P IRU D WRWDO RI 
SODQWVURZ RU  SODQWVVXESORW  P URZ
VSDFLQJ 7KH WRWDO FURS DUHD IRU FRUQ SRWDWR DQG
VTXDVK ZDV  P   P  DQG  P
UHVSHFWLYHO\ 7KLV H[SHULPHQW ZDV FRQGXFWHG LQ
 7KH SRWDWR FRUQ DQG VTXDVK ZHUH SODQWHG
RQ0D\0D\DQG-XQHUHVSHFWLYHO\
%RWK WUDQVJHQLF DQG LVROLQH PDLQ SORWV ZHUH
PDQDJHG XVLQJ ,30 SUDFWLFHV LQVHFWLFLGHV ZHUH
DSSOLHG ZKHQ WKH DYHUDJH SHVW SRSXODWLRQ DPRQJ
DOO UHSOLFDWHV RI D PDLQSORW WUHDWPHQW IRU WKDW
FURS UHDFKHG WKH SUHGHWHUPLQHG WKUHVKROGV
GHVFULEHG E\ )RVWHU DQG )ORRG  3HVWV ZHUH
PRQLWRUHG WZLFH D ZHHN E\ VFRXWLQJ 
SODQWVVXESORW LQ DOO FURSV XVLQJ VZHHS QHWV LQ
SRWDWRHV DQG ZLUH FRQH SKHURPRQH WUDSV EDLWHG
ZLWK =HDOXUH +HUFRQ (QYLURQPHQWDO
ZZZKHUFRQHQYLURQFRP WR PRQLWRU FRUQ





Crop Genotypea Week Target pest Active Ingredient Formulation
6ZHHWFRUQ LVROLQH  VHHGFRUQPDJJRW GLD]LQRQ *HUPDWH3/
 FRUQHDUZRUP ODPEGDF\KDOXWKULQ :DUULRU7
 FRUQHDUZRUP ODPEGDF\KDOXWKULQ :DUULRU7
WUDQVJHQLF  VHHGFRUQPDJJRW GLD]LQRQ *HUPDWH3/
 -DSDQHVHEHHWOH ODPEGDF\KDOXWKULQ :DUULRU7
3RWDWR LVROLQH  &RORUDGRSRWDWREHHWOH LPLGDFORSULG $GPLUH
 SRWDWROHDIKRSSHU F\IOXWKULQ %D\WKURLG
WUDQVJHQLF  SRWDWROHDIKRSSHU HVIHQYDOHUDWH $VDQD
 SRWDWROHDIKRSSHU F\IOXWKULQ %D\WKURLG
 DSKLGV R[DP\O 9\GDWH/
$FRUQVTXDVK LVROLQH  VWULSHGFXFXPEHUEHHWOH HVIHQYDOHUDWH $VDQD
 VTXDVKEXJ HVIHQYDOHUDWH $VDQD
WUDQVJHQLF  VWULSHGFXFXPEHUEHHWOH HVIHQYDOHUDWH $VDQD
D ,VROLQHDQGWUDQVJHQLFUHVSHFWLYHO\µ-DFNSRW¶DQGµ%&¶IRUWKHVZHHWFRUQµ6XSHULRU¶DQGµ1HZ/HDI
6XSHULRU¶IRUWKHSRWDWRHVµ7D\EHOOH¶DQGµ7D\EHOOH30¶IRUWKHDFRUQVTXDVK
IROORZLQJ ODEHO UHFRPPHQGDWLRQV XVLQJ WKH
PLGSRLQW RI WKH ODEHOHG UDWH UDQJH $W SODQWLQJ
LPLGDFORSULG $GPLUH ) ZDV DSSOLHG WR WKH
LVROLQH SRWDWRHV WR FRQWURO &RORUDGR SRWDWR EHHWOH
DQG GLD]LQRQ *HUPLQDWH 3/ ZDV DSSOLHG WR ERWK
JHQRW\SHV RI FRUQ WR FRQWURO VHHG FRUQ PDJJRW
7DEOH  WR UHSOLFDWH FXUUHQW ORFDO IDUPLQJ
SUDFWLFHV )XQJLFLGH DQG KHUELFLGH WUHDWPHQWV GLG
QRW YDU\ DPRQJ WUHDWPHQWV DQG DUH GHWDLOHG LQ
+RKHLVHO
Coccinellid, Aphid, and Pollen Densities
$GXOW FRFFLQHOOLG DQG DSKLG GHQVLWLHV ZHUH
GHWHUPLQHG ZLWK ZKROH SODQW VHDUFKHV DORQJ WKH
VWHP DQG RQ ERWK VLGHV RI DOO OHDYHV &RFFLQHOOLGV
ZHUH LGHQWLILHG WR VSHFLHV OHYHO DQG YRXFKHUV
SODFHG LQ WKH )URVW (QWRPRORJLFDO 0XVHXP
3HQQV\OYDQLD 6WDWH 8QLYHUVLW\ $SKLG WD[D ZHUH
LGHQWLILHG WR IDPLO\ 6FRXWLQJ IRU FRFFLQHOOLGV ZDV
GRQH WZLFH D ZHHN )URP  -XQH WR  -XO\ 
RI WKH ILHOG ZDV VFRXWHG LQ DOO FURSV )URP  -XO\
WR  $XJXVW WKH VTXDVK DQG SRWDWR VXESORWV ZHUH
H[DPLQHG HQWLUHO\ GXH WR ORZ DEXQGDQFH ZKLOH WKH
FRUQ VXESORWV UHPDLQHG DW  RI WKH ILHOG
'HQVLWLHV ZHUH VWDQGDUGL]HG WR
QXPEHUVPZHHN
$SKLG DEXQGDQFH ZDV GHWHUPLQHG WZLFH D ZHHN
IRU WKH ILUVW WKUHH ZHHNV DQG RQFH D ZHHN IRU WKH
ODVW ILYH ZHHNV XVLQJ  SODQWVVXESORW 7KH
QXPEHU RI DSKLG FRORQLHV ZDV FRXQWHG ZLWKLQ ILYH
SUHGHWHUPLQHG VL]H FODVVHV  ± ±
± ! LQGLYLGXDOV 7KH QXPEHU RI
DSKLGVPZHHN ZDV FDOFXODWHG E\ PXOWLSO\LQJ
WKH QXPEHU RI FRORQLHV ZLWKLQ D FDWHJRU\ E\ WKH
PHDQ RI WKH FDWHJRU\ )RU FRORQLHV !  ZDV
XVHGIRUWKHPHDQ
3ROOHQ FROOHFWLRQ WHFKQLTXHV YDULHG DPRQJ FURSV
6ZHHW FRUQ ZKLFK LV ZLQG SROOLQDWHG VR WKDW PXFK
RI WKH SROOHQ DYDLODEOH WR FRFFLQHOOLGV RQ WKH OHDI
VXUIDFHV ZDV FROOHFWHG E\ SUHVVLQJ D PLFURVFRSH
VOLGH EHDULQJ GRXEOHVWLFN WDSH RQWR D OHDI 3RWDWR
SROOHQ LV RQO\ UHOHDVHG XSRQ VWLPXODWLRQ E\ D
YLEUDWLRQ VLPLODU WR WKH IUHTXHQF\ RI D EHH 7KXV
WKH SROOHQ ZDV H[WUDFWHG E\ YLEUDWLQJ D WXQLQJ IRUN
DJDLQVW WKH IORZHU DQG WKH SROOHQ FDXJKW RQ D
PLFURVFRSH VOLGH ZLWK GRXEOHVWLFN WDSH 6TXDVK
SROOHQ SULPDULO\ UHPDLQV RQ WKH DQWKHU XQWLO D
SROOLQDWRU HQWHUV WKH IORZHU 7KHUHIRUH VTXDVK
SROOHQ ZDV FROOHFWHG E\ UROOLQJ D VOLGH ZLWK
GRXEOHVWLFN WDSH DURXQG WKH DQWKHUV 7KH
QXPEHU RI SROOHQ JUDLQV ZLWKLQ  FP RI HDFK VOLGH
ZDV FRXQWHG IRU  SODQWVVXESORWZHHN Q  IRU
HDFK PDLQSORW JHQRW\SH WUHDWPHQW )RU SRWDWR
DQG VTXDVK WKH SROOHQP ZDV H[WUDSRODWHG IURP
WKH QXPEHU RI SROOHQ JUDLQVIORZHU IORZHUVSODQW
DQG SODQWVP 3ROOHQP LQ FRUQ ZDV FDOFXODWHG
IURP WKH TXDQWLW\ RI SROOHQ FROOHFWHG FPOHDI
OHDYHVSODQWDQGSODQWVP
6ZHHW FRUQ OHDI DUHD FPOHDI ZDV FDOFXODWHG
IURP WKH DYHUDJH RI  OHDYHV ZLWKLQ HDFK VXESORW
Q    IRU HDFK JHQRW\SH 7KH FRUQ OHDYHV ZHUH
WUDFHG RQ SDSHU DQG WKH GUDZLQJV ZHUH FXW RXW
DQG ZHLJKHG 7R FRQYHUW ZHLJKW WR DUHD D PHDQ
IURP   FP VDPSOHV RI SDSHU ZHUH ZHLJKHG
ŗZHLJKW      7KH FRUQ OHDYHVSODQW
ZHUH FDOFXODWHG E\ DYHUDJLQJ WKH QXPEHU RI OHDYHV
RQ  SODQWV SHU VXESORW Q    SHU JHQRW\SH 7KH
DQWKHUIORZHU LQ VTXDVK ZDV D FRQVWDQW RI RQH ,Q
SRWDWR DQG VTXDVK WKH IORZHUVSODQW ZHUH IRXQG
E\ DYHUDJLQJ WKH QXPEHU RI IORZHUV XVLQJ PDOH
IORZHUV RQO\ LQ VTXDVK RQ  SODQWV SHU VXESORW
Q IRUHDFKJHQRW\SH
Analyses
7KH VHDVRQDO G\QDPLFV RI FRFFLQHOOLGV DSKLGV
DQG PRVW SROOHQ GDWD ZHUH H[DPLQHG RQ ERWK D





Species Total % of total isoline transgenic % isoline transgenic % isoline transgenic %
Anatis quindecimpunctata           
Hippodamia parenthesis           
Hippodamia convergens            

Coccinella septempunctata           
Harmonia axridis (Pallas)      

    

   
Coleomegilla maculata (De Gear)      









SHU FURS OHYHO XVLQJ D JHQHUDOL]HG OLQHDU PRGHO
ZLWK D 3RLVVRQ GLVWULEXWLRQ DQG D QDWXUDO ORJ
WUDQVIRUPDWLRQ 7KH VTXDVK SROOHQ IROORZHG D
QHJDWLYH ELQRPLDO GLVWULEXWLRQ 6$6  7R
DGMXVW IRU XQGHUGLVSHUVLRQ WKH YDULDQFH ZDV ILWWHG
ZLWK D GHYLDQFH IDFWRU VR WKDW WKH HPSLULFDO
YDULDQFH ZDV XVHG WR FDOFXODWH SYDOXHV
6LJQLILFDQFH ZDV GHWHUPLQHG E\ WKH GLIIHUHQFHV LQ
OHDVW VTXDUH PHDQV IRU HDFK JHQRW\SH E\ ZHHN
LQWHUDFWLRQ
7KH IUHTXHQF\ GLVWULEXWLRQ RI WKH WRWDO FRFFLQHOOLGV
SHU FURS DQG JHQRW\SH ZDV DQDO\]HG XVLQJ D
*WHVW 7KH *VWDWLVWLF ZDV DGMXVWHG XVLQJ




$W D PXOWLFURS IDUPVFDOH OHYHO  DSSOLFDWLRQV
ZHUH DSSOLHG LQ WKH LVROLQH DQG  LQ WKH WUDQVJHQLF
FXOWLYDUV 7DEOH  7KHUH ZHUH PRUH LQVHFWLFLGHV
DSSOLHG WR WKH LVROLQH JHQRW\SHV RI FRUQ  YHUVXV
 DQG VTXDVK  YHUVXV  ,QYHUVHO\ WUDQVJHQLF
SRWDWRHV UHFHLYHG PRUH LQVHFWLFLGHV WKDQ LVROLQH 
YHUVXV
Coccinellid community composition and
distribution
7KH FRFFLQHOOLG FRPPXQLW\ ZDV FRPSULVHG RI VL[
VSHFLHV 7DEOH  7ZR VSHFLHV Harmonia
axyridis 3DOODV DQG C. maculata ZHUH
GRPLQDQW DQG UHSUHVHQWHG  DQG  RI WKH
FRPPXQLW\ UHVSHFWLYHO\ Coccinella
septempunctata / UHSUHVHQWHG DQ DGGLWLRQDO
 DQG WKH WKUHH RWKHU VSHFLHV Anatis
quindecimpunctata 2OLYLHU, Hippodamia
parenthesis 6D\, DQG Hippodamia convergens
*XHULQ0HQHYLOOH ZHUH UDUH  RI WRWDO
FRPPXQLW\ FRPSRVLWLRQ 7RWDO VHDVRQORQJ
GHQVLWLHV ZHUH FRQVLVWHQWO\ KLJKHU LQ VZHHW FRUQ
IRUDOOWD[D7DEOH )LJXUH
:LWKLQ D JLYHQ FURS DOO VSHFLHV GLVSOD\HG YDU\LQJ
GLVWULEXWLRQV DPRQJ WKH JHQRW\SHV ZKHQ
H[DPLQHG DFURVV WKH HQWLUH VHDVRQ 7DEOH 
7KHUH ZHUH VLJQLILFDQWO\ PRUH H. axyridis LQ WKH
WUDQVJHQLF VZHHW FRUQ DQG SRWDWR WKDQ LQ WKH
UHVSHFWLYH LVROLQHV *    S   GI   
FRUQ *    S   GI    SRWDWR ,Q
FRQWUDVW C. maculata ZDV PRUH DEXQGDQW LQ WKH
LVROLQH VZHHW FRUQ DQG VTXDVK *    S 
 GI    FRUQ *    S   GI   
VTXDVK H. convergens RFFXUUHG PRUH IUHTXHQWO\
LQ WUDQVJHQLF WKDQ LVROLQH VTXDVK *    S 
 GI    EXW WKHLU RYHUDOO DEXQGDQFH ZDV
ORZ LQ WKLV FURS Q    A. quindecimpunctata
ZDV RQO\ IRXQG LQ WUDQVJHQLF FRUQ ZKLOH H.
parenthesis ZDV IRXQG RQO\ LQ WKH LVROLQH FURSV
H. convergens ZDV PRUH HYHQO\ GLVWULEXWHG
DPRQJ WKH FURSV WKDQ DQ\ RWKHU VSHFLHV 
FRUQ  SRWDWR  VTXDVK \HW WKHUH ZHUH QR
LQGLYLGXDOV LQ WKH LVROLQH SRWDWR DQG RQO\ RQH LQ
WKHLVROLQHVTXDVK
Seasonal dynamics
7KH DSKLG SRSXODWLRQV LQ WUDQVJHQLF DQG LVROLQH
PXOWLFURS IDUPV VKRZHG DQ LQFUHDVH EHWZHHQ
ZHHNV  DQG  DIWHU ZKLFK WKH\ EHJDQ WR
GHFUHDVH )LJXUH D 2QO\ ZHHN  VKRZHG D
VLJQLILFDQWO\ KLJKHU DEXQGDQFH RI DSKLGV LQ WKH
WUDQVJHQLF ILHOGV Ƶ    S    GI   
ZKLFK FRUUHVSRQGHG WR KLJK GHQVLWLHV LQ
WUDQVJHQLF SRWDWR DQG ERWK FRUQ JHQRW\SHV $SKLG
SRSXODWLRQV ZHUH FOXVWHUHG EHWZHHQ ZHHNV  ±
 LQ DOO FURSV DQG ZKLOH GHQVLWLHV ZHUH DJDLQ
KLJKHVW LQ VZHHW FRUQ WKH\ ZHUH PRUH HYHQO\
GLVWULEXWHG DPRQJ DW OHDVW RQH JHQRW\SH RI DOO
FURSVWKDQZHUHFRFFLQHOOLGV
$SKLG SRSXODWLRQV LQ WKH LVROLQH VZHHW FRUQ
SHDNHG HDUOLHU WKDQ WKRVH LQ WUDQVJHQLF ILHOGV
UHVXOWLQJ LQ D VLJQLILFDQW GLIIHUHQFH EHWZHHQ
JHQRW\SHV LQ ZHHN  )LJXUH E 7KH
SRSXODWLRQV EHJDQ WR GHFOLQH GXULQJ ZHHNV  DQG
 ZKLFK ZHUH SUHFHGHG E\ LQVHFWLFLGH VSUD\V
2QO\ WZR RI WKH HLJKW ZHHNV VKRZHG D VLJQLILFDQW
GLIIHUHQFH LQ WKH JHQRW\SHV Ƶ    S   
GI    ZHHN  Ƶ    S   GI   
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 26HDVRQDOG\QDPLFVRI&RFFLQHOOLGDHDWDPXOWLFURSPDLQSORWOHYHODQGZLWKLQHDFKRIWKUHHFURSV






ZHHN  DQG LQ ERWK FDVHV DSKLG GHQVLWLHV ZHUH
KLJKHULQWKHLVROLQHFXOWLYDU
$SKLG SRSXODWLRQV ZHUH H[WUHPHO\ ORZ LQ WKH
LVROLQH SRWDWRHV EXW SHDNHG LQ WKH WUDQVJHQLF
ILHOGV GXULQJ WKH ODVW IRXU ZHHNV RI WKH VHDVRQ LQ
ZKLFK GHQVLWLHV ZHUH FRPSDUDEOH WR WKRVH LQ
VZHHW FRUQ )LJXUH F 7KLV UHVXOWHG LQ RQH ZHHN
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 36HDVRQDOG\QDPLFVRI$SKLGLGDHDWDPXOWLFURSPDLQSORWOHYHODQGZLWKLQHDFKRIWKUHHFURSV:HHN






ZLWK VLJQLILFDQWO\ KLJKHU SRSXODWLRQV LQ WUDQVJHQLF
ILHOGV Ƶ    S    GI    ZHHN 
DQG WZR ZHHNV WKDW ZHUH QHDUO\ VLJQLILFDQW Ƶ  
 S    GI    ZHHN  Ƶ    S  
 GI    ZHHN  1RW XQH[SHFWHGO\
DSKLG SRSXODWLRQV GHFUHDVHG LQ WKH ZHHNV
IROORZLQJDQLQVHFWLFLGHWUHDWPHQW
$SKLGV ZHUH DOZD\V DW ORZ GHQVLWLHV LQ WKH VTXDVK
)LJXUH G \HW VPDOO SHDNV FRLQFLGHG ZLWK SHDNV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 46HDVRQDOG\QDPLFVRISROOHQDWDPXOWLFURSPDLQSORWOHYHODQGZLWKLQHDFKRIWKUHHFURSV:HHNLV






VHHQ LQ WKH FRUQ DQG SRWDWR GXULQJ ZHHNV  WR
 1R VLJQLILFDQW GLIIHUHQFHV ZHUH VHHQ EHWZHHQ
WKHVTXDVKJHQRW\SHVLQDQ\RIWKHZHHNV
6PDOO OHYHOV RI SROOHQ ZHUH DYDLODEOH LQ WKH
PXOWLFURS IDUP EHJLQQLQJ DW ZHHN  EXW KLJK
OHYHOV ZHUH QRW VHHQ XQWLO ZHHN  )LJXUH D 7KH
G\QDPLFV RI SROOHQ LQ D PXOWLFURS IDUP DQG WKH
QHDUO\ VLJQLILFDQW GLIIHUHQFH LQ ZHHN  Ƶ   
S    GI    ZHUH DOPRVW LGHQWLFDO WR WKH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH VHDVRQDO G\QDPLFV RI SROOHQ LQ VZHHW FRUQ )LJXUH
E 6ZHHW FRUQ KDG DSSUR[LPDWHO\  WLPHV PRUH
SROOHQ JUDLQV SHU P WKDQ SRWDWR )LJXUH F DQG
 WLPHV PRUH WKDQ VTXDVK )LJXUH G
$GGLWLRQDOO\ WKH VZHHW FRUQ GHQVLW\ LV D
FRQVHUYDWLYH HVWLPDWH VLQFH WKH DPRXQW RI SROOHQ
DYDLODEOH WR FRFFLQHOOLGV RQ WKH OHDYHV ZDV
PHDVXUHG QRW WKH DPRXQW RI SROOHQ SURGXFHG E\
WKHDQWKHUV
)RU HDFK FURS JHQRW\SH GLG QRW GLIIHU LQ WKH WRWDO
SROOHQ SURGXFWLRQ KRZHYHU WKH WLPLQJ RI SROOHQ
SURGXFWLRQ GLG GLIIHU EHWZHHQ JHQRW\SHV )LJXUH
E F G 7KHUH ZDV D GLIIHUHQFH EHWZHHQ
JHQRW\SHV LQ WKH LQLWLDO SROOHQ SURGXFWLRQ IRU
SRWDWR DQG VTXDVK Ƶ    S    GI   
SRWDWR ZHHNV  Ƶ    S   GI   
VTXDVK ZHHN  ZKLOH VZHHW FRUQ DSSURDFKHG
OHYHOV RI VLJQLILFDQW GLIIHUHQFHV Ƶ    S  
 GI    FRUQ ZHHN  6ZHHW FRUQ ZDV
WKH RQO\ FURS ZLWK PRUH LQLWLDO SROOHQ LQ WKH
WUDQVJHQLF JHQRW\SH 7KH PDMRULW\ RI WKH
WUDQVJHQLF FRUQ ZDV VLONLQJ  ZKLOH WKH
LVROLQH ZDV LQ WDVVHO  'XULQJ WKH ILUVW ZHHN
RI IORZHU SURGXFWLRQ LVROLQH SRWDWR SURGXFHG
JUHDWHU WKDQ  WLPHV PRUH IORZHUV LVROLQH 
WUDQVJHQLF  DQG VXEVHTXHQWO\ PRUH SROOHQ
WKDQ WUDQVJHQLF SRWDWRHV +RZHYHU WKH WUDQVJHQLF
SRWDWR FRQWLQXHG WR SURGXFH PRUH SROOHQ ODWHU LQ
WKH VHDVRQ Ƶ    S   GI    ZHHN
 ,VROLQH VTXDVK ILHOGV EHJDQ ZLWK KLJKHU SROOHQ
GHQVLWLHV EXW RQ WKH ODVW ZHHN RI VDPSOLQJ
WUDQVJHQLF ILHOGV KDG VLJQLILFDQWO\ KLJKHU SROOHQ
GHQVLWLHV Ƶ    S    GI    ZHHN 
6LPLODUO\ PRUH IORZHUV ZHUH VHHQ LQ WKH LVROLQH
VTXDVK LQLWLDOO\ LVROLQH  WUDQVJHQLF  ZHHN
 ZKLOH WKH WUDQVJHQLF VTXDVK FRQWLQXHG
IORZHULQJ ODWHU LQ WKH VHDVRQ LVROLQH 
WUDQVJHQLF ZHHN
6HDVRQDO G\QDPLFV IRU HDFK FRFFLQHOOLG VSHFLHV
ZHUH VLPLODU WR DOO VSHFLHV FRPELQHG DQG WKH
FRPELQHG UHVXOWV DUH UHSRUWHG KHUH &RFFLQHOOLGV
DW D PXOWLFURS OHYHO VKRZHG XQLPRGDO FXUYHV LQ
ERWK WKH WUDQVJHQLF DQG LVROLQH ILHOGV )LJXUH D
6L[ RI WKH HLJKW ZHHNV VKRZHG QR VLJQLILFDQW
GLIIHUHQFH EHWZHHQ WKH WZR JHQRW\SHV LQ
FRFFLQHOOLG DEXQGDQFH :HHN  VKRZHG D QHDUO\
VLJQLILFDQW GLIIHUHQFH LQ FRFFLQHOOLG SRSXODWLRQV
Ƶ    S    GI    ZKLOH SRSXODWLRQV
GLIIHUHG JUHDWO\ DW WKH HQG RI WKH VHDVRQ Ƶ  
 S    GI    ZHHN  'LIIHUHQFHV
DPRQJ JHQRW\SHV LQ WKHVH WZR ZHHNV FDQ EH
DVVRFLDWHG ZLWK SHDN SRSXODWLRQV LQ LQGLYLGXDO
FURSV
:LWKLQ HDFK FURS FRFFLQHOOLGV KDG GLIIHUHQW
VHDVRQDO G\QDPLFV )LJXUH E±G &RFFLQHOOLGV LQ
SRWDWR SHDNHG ILUVW GXULQJ ZHHN  &RFFLQHOOLGV
LQ VZHHW FRUQ DQG VTXDVK UHDFKHG SHDNV LQ
VXEVHTXHQW ZHHNV ZHHN  FRUQ ZHHN  DQG 
VTXDVK :KHQ FRPSDULQJ SHDN GHQVLWLHV WKHUH
ZHUH DSSUR[LPDWHO\  WLPHV IHZHU FRFFLQHOOLGV LQ
WUDQVJHQLF SRWDWRHV WKDQ VZHHW FRUQ DQG  WLPHV
IHZHULQLVROLQHSRWDWR
&RFFLQHOOLGV LQ WUDQVJHQLF DQG LVROLQH VZHHW FRUQ
LQFUHDVHG UDSLGO\ WR D SHDN DW  ZHHNV )LJXUH
E ZKLFK FRLQFLGHG ZLWK WKH PDMRULW\ RI WKH FURSV
EHLQJ LQ SUHWDVVHO ZHHN  7KH SRSXODWLRQV
GHFOLQHG VORZO\ RYHU WKH QH[W IRXU ZHHNV DQG WKLV
GHFOLQH VWDUWHG SULRU WR DQ\ IROLDU VSUD\V 2QO\
ZHHN  VKRZHG DQ\ VOLJKW VLJQLILFDQW GLIIHUHQFH
Ƶ    S    GI    LQ ZKLFK
FRFFLQHOOLGV ZHUH PRUH DEXQGDQW LQ WUDQVJHQLF
ILHOGV ,Q WKH SUHFHGLQJ ZHHN WKH LVROLQH VZHHW
FRUQ KDG EHHQ VSUD\HG IRU FRUQ HDUZRUP 7DEOH

&RFFLQHOOLGV LQ WUDQVJHQLF SRWDWRHV ZHUH UHDGLO\
DSSDUHQW DW WKHLU SHDN ZHHN  EXW GHFOLQHG
UDSLGO\ DIWHU DQ LQVHFWLFLGH WUHDWPHQW IRU SRWDWR
OHDIKRSSHU ZDV DSSOLHG ,Q FRQWUDVW SRSXODWLRQV
LQ LVROLQH SRWDWR ZKLFK UHFHLYHG D QHRQLFRWLQRLG
DSSOLFDWLRQ DW SODQWLQJ UHPDLQHG DW ORZ GHQVLWLHV
)LJXUH F 3RSXODWLRQ GHQVLWLHV LQ WKH WUDQVJHQLF
FXOWLYDU ZHUH VLJQLILFDQWO\ KLJKHU DW WKH VWDUW RI
WKH VHDVRQ Ƶ    S    GI    ZHHN
 DQG RQO\ DSSURDFKLQJ VLJQLILFDQFH LQ RQH
RWKHU ZHHN Ƶ    S    GI    ZHHN
 'HQVLWLHV ZHUH VLPLODU EHWZHHQ JHQRW\SHV IRU
DOORWKHUZHHNV
6TXDVK KDG WKH IHZHVW FRFFLQHOOLGV RI DOO WKH FURSV
)LJXUH G &RFFLQHOOLGV LQFUHDVHG ODWHU LQ WKH
VHDVRQ GXULQJ ZHHNV  DQG  LQ ZKLFK WKH
PDMRULW\ RI WKH FURSV ZHUH IORZHULQJ DQG IUXLWLQJ
7KHUH ZDV QR VLJQLILFDQW GLIIHUHQFH LQ FRFFLQHOOLG
GHQVLWLHVDPRQJJHQRW\SHVGXULQJDQ\ZHHN
Discussion
7KH RYHUDOO QXPEHU RI SHVW RXWEUHDNV DQG
LQVHFWLFLGH WUHDWPHQWV EHWZHHQ JHQRW\SHV ZHUH
VLPLODU ZLWKLQ D FURS DQG RQO\ GLIIHUHG E\ RQH
DGGLWLRQDO VSUD\ LQ HDFK FURS <HW RQ D PXOWLFURS
VFDOH LQVHFWLFLGH DSSOLFDWLRQV ZHUH UHGXFHG E\
 LQ WKH WUDQVJHQLF FXOWLYDUV FRPSDUHG WR
LVROLQH ,Q VZHHW FRUQ WKH &U\,$E SURWHLQ
SURWHFWV DJDLQVW (XURSHDQ FRUQ ERUHU DQG WR D
OHVVHU H[WHQW FRUQ HDUZRUP %XUNQHVV HW DO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH  +RZHYHU WKH QXPEHU RI SHVWV ZDV ORZ DQG
RQO\  LQVHFWLFLGH DSSOLFDWLRQV WR WKH LVROLQH ZHUH
QHFHVVDU\ 1R IROLDU DSSOLFDWLRQV ZHUH DSSOLHG WR
WUDQVJHQLF VZHHW FRUQ IRU OHSLGRSWHUDQV EXW RQH
VSUD\ ZDV QHHGHG WR FRQWURO WKH -DSDQHVH EHHWOH
:KLOH D UHGXFWLRQ LQ DSSOLFDWLRQ IUHTXHQF\ ZDV
REVHUYHG IXUWKHU ZRUN ZLWK PRUH \HDUV DQG
ORFDWLRQV LV ZDUUDQWHG WR JHQHUDOL]H DERXW WKH
LQIOXHQFH RI PXOWLSOH WUDQVJHQLF FURSV RQ FKRLFH
DQG IUHTXHQF\ RI VRLO DQG IROLDU LQVHFWLFLGHV DW D
IDUPVFDOH
6HDVRQDO G\QDPLFV RI WKH RUJDQLVPV ZH
PRQLWRUHG DW D PXOWLFURS VFDOH UHVHPEOHG WKH
G\QDPLFV RI WKHVH RUJDQLVPV LQ WKH PRVW
GRPLQDQW FURS 6ZHHW FRUQ IDU VXUSDVVHG WKH
RWKHU FURSV LQ DEXQGDQFH RI FRFFLQHOOLGV DQG
SROOHQ DQG DOVR KDUERUHG FRQVLVWHQWO\ KLJKHU
DSKLG GHQVLWLHV 7KLV LV FRQVLVWHQW ZLWK *URGHQ HW
DO  ZKR UHSRUWHG KLJKHU C. maculata
GHQVLWLHV LQ SROOLQDWLQJ VZHHW FRUQ UHODWLYH WR
RWKHU YHJHWDEOH FURSV 7KH IDFW WKDW FRFFLQHOOLG
SRSXODWLRQV ZHUH IRXU WLPHV KLJKHU LQ VZHHW FRUQ
WKDQ RWKHU FURSV FRLQFLGHV ZLWK $QGRZ DQG
5LVFK¶V  REVHUYDWLRQV WKDW ODG\EXJV DUH
RIWHQ PRUH DEXQGDQW LQ DUHDV ZLWK KLJK GHQVLWLHV
RI FRUQ SROOHQ DQG DSKLGV DQG IRRG TXDQWLW\
UDWKHU WKDQ TXDOLW\ LV D PRUH GRPLQDQW IRUFH
GULYLQJ WKHLU ELRORJ\ 7KLV LGHD LV IXUWKHU
HPSKDVL]HG E\ WKH ORZ GHQVLWLHV RI FRFFLQHOOLGV LQ
WUDQVJHQLF SRWDWR ZKLFK KDG FRPSDUDEOH OHYHOV RI
DSKLGV WR WKRVH LQ FRUQ \HW LWV SROOHQ LV QRW D
W\SLFDO IRRG VRXUFH IRU ODG\EXJV 6LQFH ZH GLG QRW
GLUHFWO\ PHDVXUH FRFFLQHOOLG PRYHPHQW
UHSURGXFWLRQ RU VXUYLYRUVKLS LW LV GLIILFXOW WR
GHFLSKHU LI VZHHW FRUQ KDV WKH SRWHQWLDO WR
LQFUHDVH RU GHFUHDVH FRFFLQHOOLG SRSXODWLRQV LQ
QHLJKERULQJ FURSV 1RQHWKHOHVV KLJK GHQVLWLHV LQ
FRUQ LPSO\ WKDW HIIRUWV DW FRQVHUYLQJ FRFFLQHOOLGV
DV ELRORJLFDO FRQWURO DJHQWV LQ PXOWLFURS YHJHWDEOH
IDUPV QHHG WR HPSKDVL]H FRQVHUYDWLRQ LQ VZHHW
FRUQ 7KH WZR PRVW DEXQGDQW VSHFLHV H. axyridis
DQG C. maculata SHDNHG LQ FRUQ GXULQJ SUHWDVVHO
WR YHU\ HDUO\ WDVVHO SULRU WR SROOLQDWLRQ SRVVLEO\
UHVSRQGLQJ WR ULVLQJ DSKLG GHQVLWLHV GXULQJ WKDW
WLPH ,I SRVVLEOH ZLWKKROGLQJ LQVHFWLFLGH
DSSOLFDWLRQV RU XVH RI VHOHFWLYH PDWHULDOV GXULQJ
WKLV WLPH FRXOG HQKDQFH FRQVHUYDWLRQ RI
FRFFLQHOOLGVDWDIDUPVFDOH
6LJQLILFDQW GLIIHUHQFHV LQ FRFFLQHOOLG GHQVLWLHV RQ
DQ\ JLYHQ ZHHN EHWZHHQ JHQRW\SHV ZHUH UDUH DQG
WUDQVLWRU\ DQG ZHUH SULPDULO\ JRYHUQHG E\ WLPLQJ
RI HLWKHU IROLDU RU DWSODQWLQJ LQVHFWLFLGH
DSSOLFDWLRQV 7KH JUHDWHU HDUO\ VHDVRQ DEXQGDQFH
LQ WUDQVJHQLF SRWDWR LV OLNHO\ D UHVXOW RI ERWK
VOLJKWO\ KLJKHU DSKLG SRSXODWLRQV REWDLQHG
ZLWKRXW DQ LPLGDFORSULG VHHG WUHDWPHQW DQG ORZ
GHQVLWLHV RI IRRG VRXUFHV LQ RWKHU FURSV 6LPLODUO\
WKH ORZHU DEXQGDQFH LQ LVROLQH VZHHW FRUQ GXULQJ
ZHHN  DSSHDUV PRUH UHODWHG WR DQ LQVHFWLFLGH
VSUD\ WKH SUHYLRXV ZHHN WKDQ SROOHQ RU DSKLG
GHQVLWLHV ZKLFK ZHUH QRW VLJQLILFDQWO\ GLIIHUHQW
GXULQJ ZHHN  ,Q DOO WKH FURSV WKH PDMRULW\ RI
WKH ZHHNV VKRZ QR GLIIHUHQFH LQ FRFFLQHOOLG
GHQVLW\ EHWZHHQ WKH WZR JHQRW\SHV :KHQ
GLIIHUHQFHV RFFXUUHG WKH\ VKRZHG KLJKHU
GHQVLWLHV LQ WKH WUDQVJHQLF FURSV DQG FXPXODWLYHO\
WKHUH ZHUH PRUH FRFFLQHOOLGV LQ WKH WUDQVJHQLF
FURSSLQJ V\VWHP 7RJHWKHU WKHVH SDWWHUQV VXJJHVW
WKDW GLYHUVLILHG *02 FURSV XQGHU FXUUHQW
FRPPHUFLDO PDQDJHPHQW GHPRQVWUDWHG
WUDQVLWRU\ FRQVHUYDWLRQ RI FRFFLQHOOLGV DQG WKDW
LQWHJUDWLRQ ZLWK VHOHFWLYH LQVHFWLFLGHV RU RWKHU
,30 WDFWLFV FRXOG LQFUHDVH WKLV SRWHQWLDO <HW WKH
ODFN RI GLIIHUHQFHV EHWZHHQ JHQRW\SHV VXJJHVWV
WKDW VWDQGDUG ,30 SUDFWLFHV DUH HIIHFWLYH LQ
PDLQWDLQLQJ FRFFLQHOOLG SRSXODWLRQV DQG WKDW
WLPLQJ RI LQVHFWLFLGH DSSOLFDWLRQV UDWKHU WKDQ
JHQRW\SHLVPRUHLQIOXHQWLDORQWKHSRSXODWLRQ
5HODWLYH GHQVLW\ RI WKH FRFFLQHOOLGV YDULHG JUHDWO\
DPRQJ VSHFLHV DQG VXUSULVLQJO\ WKH VHDVRQDO
WRWDO IUHTXHQF\ RI VRPH VSHFLHV ZDV KLJKHU LQ D
SDUWLFXODU JHQRW\SH 7KHUH ZHUH VLJQLILFDQWO\
PRUH H. axyridis WKH PRVW DEXQGDQW FRFFLQHOOLG
LQ WKH WUDQVJHQLF FRUQ DQG SRWDWR ,Q FRQWUDVW WKH
VHFRQG PRVW DEXQGDQW VSHFLHV C. maculata
RFFXUUHG PRUH IUHTXHQWO\ LQ WKH LVROLQH FRUQ DQG
VTXDVK 7KHVH REVHUYDWLRQV FDQQRW GLUHFWO\
H[SODLQ WKH GLIIHUHQFHV LQ DEXQGDQFH DV QXPHURXV
IDFWRUV FDQ GULYH WKH HFRORJ\ RI FRFFLQHOOLGV 7KH
VSHFLHVOHYHO WD[RQRP\ RI WKH DSKLGV ZDV QRW
GHWHUPLQHG DQG FRFFLQHOOLG VSHFLHV PD\ UHVSRQG
GLIIHUHQWO\ WR GLIIHUHQW DSKLG VSHFLHV DV ZHOO DV
DOWHUQDWLYH SUH\ VXFK DV OHSLGRSWHUDQ DQG
FROHRSWHUDQ HJJV QRW UHFRUGHG LQ WKLV VWXG\ 7KH
WZR PRVW DEXQGDQW VSHFLHV H. axyridis DQG C.
maculata KDYH VKRZQ GLIIHUHQFHV LQ WKHLU
SUHYHODQFH WR FRQVXPH SROOHQ YHUVXV DSKLGV
/XQGJUHQ HW DO  ZKLFK FRXOG DIIHFW
GLVWULEXWLRQV DPRQJ JHQRW\SHV DQG KRVW SODQWV ,Q
DGGLWLRQ SKHQRORJLFDO DQG WULWURSKLF LQWHUDFWLRQV
DPRQJ WKH SODQWV DSKLGV DQG FRFFLQHOOLGV WKDW
GLIIHU DPRQJ WKH JHQRW\SHV FRXOG UHVXOW LQ
SUHIHUHQWLDO FURS SDUWLWLRQLQJ DPRQJ VSHFLHV RI
ODG\EXJV
,Q WKLV VWXG\ WKH GLIIHULQJ SROOHQ OHYHOV ZLWKLQ D
VLQJOH FURS GLG QRW FRUUHVSRQG ZLWK VLJQLILFDQW
YDULDWLRQ LQ FRFFLQHOOLG SRSXODWLRQV SRVVLEO\ GXH
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH WR VDWXUDWLRQ RI IRRG VRXUFHV 1RQHWKHOHVV WKH
GDWD VXJJHVW WKDW JHQRW\SH KDV DQ DIIHFW RQ WKH
SKHQRORJ\ RI WKH SODQW 7KHUH ZHUH QR FOHDU WUHQGV
DPRQJ FURSV DV WR ZKLFK JHQRW\SH SURGXFHG PRUH
LQLWLDO IORZHUV DQG SROOHQ VXJJHVWLQJ WKH HIIHFWV
DUH FURS GHSHQGDQW )XUWKHU VWXGLHV DUH QHHGHG WR
GHWHUPLQH WKH H[WHQW RI WKLV RFFXUUHQFH DQG KRZ LW
FKDQJHV WKH G\QDPLFV RI SROOHQLYRURXV LQVHFWV
7KLV VWXG\ ZDV FRQGXFWHG IRU D VLQJOH \HDU :H
DFNQRZOHGJH WKDW LQVHFW SRSXODWLRQV YDU\
DQQXDOO\ DQG WKH FRQFOXVLRQV GHULYHG IURP
FRPSDULVRQV DPRQJ GHQVLWLHV RI SUHGDWRUV DQG
SUH\ DQG UHVXOWLQJ LQVHFWLFLGH LQSXW QHHG IXUWKHU
HYDOXDWLRQ 1RQHWKHOHVV ZH VXJJHVW WKDW WKH
UHODWLYH DEXQGDQFH RI FRFFLQHOOLGV DPRQJ WKHVH
FURSV ZLOO SUREDEO\ UHPDLQ VLPLODU DPRQJ \HDUV
,W LV RXU KRSH WKDW WKLV VWXG\ ZLOO VSDZQ IXUWKHU
HFRORJLFDO ZRUN QRW RQO\ RQ WKH FRFFLQHOOLG
FRPPXQLW\ EXW DOVR RQ WKHLU FRQVHUYDWLRQ DQG
PRYHPHQWDVUHODWHGWR,30
Acknowledgements
:H WKDQN 7 /HVOLH DQG 1 0F3KHUVRQ IRU ZRUN
FRQGXFWHG GXULQJ WKLV VWXG\ 3DUWLDO IXQGLQJ ZDV
SURYLGHG E\ WKH 86'$ 15, %LRWHFKQRORJ\ 5LVN
$VVHVVPHQW 5HVHDUFK *UDQWV 3URJUDP *UDQW

References
$O'HHE 0$ :LOGH *(  (IIHFW RI %W FRUQ H[SUHVVLQJ WKH
&U\%E WR[LQ IRU FRUQ URRWZRUP FRQWURO RQ DERYHJURXQG
QRQWDUJHW DUWKURSRGV Environmental Entomology 

$QGRZ ' 5LVFK 6  3UHGDWLRQ LQ GLYHUVLILHG
DJURHFRV\VWHPV UHODWLRQV EHWZHHQ FRFFLQHOOLG SUHGDWRU
Coleomegilla maculata DQG LWV IRRG Journal of Applied
Ecology  
%XUNQHVV (& +XWFKLVRQ :' %ROLQ 3& %DUWHOV ': :DUQRFN
') 'DYLV ':  )LHOG HIILFDF\ RI VZHHW FRUQ K\EULGV
H[SUHVVLQJ D Bacillus thuringiensis WR[LQ IRU PDQDJHPHQW
RI Ostrinia nubilalis /HSLGRSWHUD &UDPELGDH DQG
Helicoverpa zea /HSLGRSWHUD 1RFWXLGDH Journal of
Economic Entomology  
%DFK &  (IIHFWV RI SODQW GHQVLW\ DQG GLYHUVLW\ RQ WKH
SRSXODWLRQ G\QDPLFV RI D VSHFLDOLVW KHUELYRUH WKH VWULSHG
FXFXPEHU EHHWOH Acalymma vittata )DE Ecology 

%DXPJDHUWQHU - *XWLHUUH] $ 6XPPHUV &  7KH LQIOXHQFH
RI DSKLG SUH\ FRQVXPSWLRQ RQ VHDUFKLQJ EHKDYLRU ZHLJKW
LQFUHDVH GHYHORSPHQWDO WLPH DQG PRUWDOLW\ RI Chrysopa
carnea 1HXURSWHUD &KU\VRSLGDH DQG Hippodamia
convergens &ROHRSWHUD &RFFLQHOOLGDH ODUYDH Canadian
Entomologist  
&KHGHVWHU /  )HHGLQJ KDELWV UHSURGXFWLRQ DQG VH[XDO
GHWHUPLQDWLRQ RI WKH FRQYHUJHQW ODG\ EHHWOH Hippodamia
convergens *XHU Texas Agricultural Experiment
Station: Miscellaneous Publications
1R
'XDQ -- +HDG * 0FNHH 0- 1LFNVRQ 7( 0DUWLQ -: 6D\HJK
)6  (YDOXDWLRQ RI GLHWDU\ HIIHFWV RI WUDQVJHQLF FRUQ
SROOHQ H[SUHVVLQJ &U\%E SURWHLQ RQ D QRQWDUJHW
ODG\ELUG EHHWOH Coleomegilla maculata Entomologia
Experimentalis et Applicata  
'UHLVWDGW 6 )OLQW 0  0HORQ DSKLG +RPRSWHUD
$SKLGLGDH FRQWURO E\ LQXQGDWLYH FRQYHUJHQW ODG\ EHHWOH
&ROHRSWHUD &RFFLQHOOLGDH UHOHDVH RQ &K\UVDQWKHPXP
Environmental Entomology 
(OOLRW 1 .LHFNKHIHU 5 0LFKDHOV * *LOHV .  3UHGDWRU
DEXQGDQFH LQ DOIDOID ILHOGV LQ UHODWLRQ WR DSKLGV
ZLWKLQILHOG YHJHWDWLRQ DQG ODQGVFDSH PDWUL[
Environmental Entomology 
)RVWHU 5 )ORRG %  Vegetable Insect
Management0HLVWHU3XEO&R:LOORXJKE\2+
*URGHQ ( 'UXPPRQG ) &DVDJUDQGH 5 +D\QHV ' 
Coleomegilla maculata &ROHRSWHUD &RFFLQHOOLGDH LWV
SUHGDWLRQ XSRQ WKH &RORUDGR SRWDWR EHHWOH &ROHRSWHUD
&KU\VRPHOLGDH DQG LWV LQFLGHQFH LQ SRWDWRHV DQG
VXUURXQGLQJ FURSV Journal of Economic Entomology 

+D]]DUG 5 )HUUR '  )HHGLQJ UHVSRQVH RI DGXOW
Coleomegilla maculata &ROHRSWHUD &RFFLQHOOLGDH WR
HJJV RI &RORUDGR SRWDWR EHHWOH &ROHRSWHUD
&KU\VRPHOLGDH DQG JUHHQ SHDFK DSKLGV +RPRSWHUD
$SKLGLGDH Environmental Entomology  
+RKHLVHO *$  'R WUDQVJHQLFV DIIHFW WKH VHDVRQDO
G\QDPLFV RI &RFFLQHOOLGDH DQG GLYHUVLW\ RI &ROHRSWHUD DQG
)RUPLFLGDH RQ D GLYHUVLILHG YHJHWDEOH IDUP XVLQJ ,30"
06 7KHVLV 7KH 3HQQV\OYDQLD 6WDWH 8QLYHUVLW\
8QLYHUVLW\3DUN3$
.DODVNDU $ (YDQV (  /DUYDO UHVSRQVHV RI DSKLGRSKDJRXV
ODG\ EHHWOHV &ROHRSWHUD &RFFLQHOOLGDH WR ZHHYLO ODUYDH
YHUVXV DSKLGV DV SUH\ Annals of the Entomological
Society of America 
.DOXVKNRY 3 +RGHN ,  1HZ HVVHQWLDO DSKLG SUH\ IRU
Anastis ocellata DQG Calvia quatuordecimguttata
&ROHRSWHUD &RFFLQHOOLGDH Biocontrol Science and
Technology  
/D5RFN ' (OOLQJWRQ -  $Q LQWHJUDWHG SHVW PDQDJHPHQW
DSSURDFK HPSKDVL]LQJ ELRORJLFDO FRQWURO IRU SHFDQ
DSKLGV Southwestern Entomologist 
/HVOLH 7: +RKHLVHO *$ %LGGLQJHU '- 5RKU -5 )OHLVFKHU 6-
 7UDQVJHQHV VXVWDLQ HSLJHDO LQVHFW ELRGLYHUVLW\ LQ
GLYHUVLILHG YHJHWDEOH IDUP V\VWHPV Environmental
Entomology  
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH /XQGJUHQ -* :LHGHQPDQQ 51  &ROHRSWHUDQVSHFLILF
&U\%E WR[LQ IURP WUDQVJHQLF FRUQ SROOHQ GRHV QRW DIIHFW
WKH ILWQHVV RI D QRQWDUJHW VSHFLHV Coleomegilla maculata
'H*HHU &ROHRSWHUD &RFFLQHOOLGDH Environmental
Entomology  
/XQGJUHQ -* 5D]]DN $ :LHGHQPDQQ 51  3RSXODWLRQ
5HVSRQVHV DQG IRRG FRQVXPSWLRQ E\ SUHGDWRUV
Coleomegilla maculata DQG Harmonia axyridis
&ROHRSWHUD &RFFLQHOOLGDH GXULQJ DQWKHVLV LQ DQ ,OOLQRLV
FRUQILHOG Environmental Entomology  
0XOOLQ &$ 6DXQGHUV ,, 0& /HVOLH 7: %LGGLQJHU '-
)OHLVFKHU 6-  7R[LF DQG EHKDYLRUDO HIIHFWV WR
&DUDELGDH RI VHHG WUHDWPHQWV XVHG RQ &U\%E DQG
&U\$EF SURWHFWHG FRUQ Environmental Entomology
 
3IDQQHQVWLHO 5 <HDUJDQ .  ,GHQWLILFDWLRQ DQG GLHO
DFWLYLW\ SDWWHUQV RI SUHGDWRUV DWWDFNLQJ Helicoverpa zea
/HSLGRSWHUD 1RFWXLGDH HJJV LQ VR\EHDQ DQG VZHHW FRUQ
Environmental Entomology 
3LOFKHU & 2EU\FNL - 5LFH 0 /HZLV /  3UHLPDJLQDO
GHYHORSPHQW VXUYLYDO DQG ILHOG DEXQGDQFH RI LQVHFW
SUHGDWRUV RQ WUDQVJHQLF Bacillus thuringensis FRUQ
Environmental Entomology  
5LGGLFN ( 'LYHO\ * %DUERVD 3  (IIHFW RI D VHHGPL[
GHSOR\PHQW RI &U\$WUDQVJHQLF DQG QRQWUDQVJHQLF
SRWDWR RQ WKH DEXQGDQFH RI Lebia grandis &ROHRSWHUD
&DUDELGDH DQG Coleomegilla maculata &ROHRSWHUD
&RFFLQHOOLGDH Annals of the Entomological Society of
America  
5LGGLFN ( %DUERVD 3  ,PSDFW RI &U\$LQWR[LFDWHG
Leptinotarsa decemlineata &ROHRSWHUD &KU\VRPHOLGDH
DQG SROOHQ FRQVXPSWLRQ GHYHORSPHQW DQG IHFXQGLW\ RI
Coleomegilla maculata &ROHRSWHUD &RFFLQHOOLGDH
Annals of the Entomological Society of America 

5RRW 5  2UJDQL]DWLRQ RI D SODQWDUWKURSRG DVVRFLDWLRQ LQ
VLPSOH DQG GLYHUVH KDELWDWV WKH IDXQD RI FROODUG Brassica
oleracea Ecological Monographs  
6$6 ,QVWLWXWH ,QF  SAS/STAT User’s Guide, Version
8&DU\1&6$6,QVWLWXWH,QF
6RNDO 5 5RKOI )  $QDO\VLV RI IUHTXHQFLHV Biometry: the
principles and practice of statistics in biological research
  1HZ<RUN:+)UHHPDQDQG&RPSDQ\
7RRNHU - +DQNV /  ,QIOXHQFH RI SODQW FRPPXQLW\
VWUXFWXUH RQ QDWXUDO HQHPLHV RI SLQH QHHGOH VFDOH
+RPRSWHUD 'LDVSLGLGDH LQ XUEDQ ODQGVFDSHV
Environmental Entomology 
7UXMLOOR$UULDJD - $OWLHUL 0  $ FRPSDULVRQ RI
DSKLGRSKDJRXV DUWKURSRGV RQ PDL]H SRO\FXOWXUHV DQG
PRQRFXOWXUHV LQ FHQWUDO 0H[LFR Agriculture, Ecosystems
and Environment  
9RWDYD ( %RVODQG 3  8VH RI ODG\EXJV WR FRQWURO DSKLGV
LQ Capsicum ILHOGLVRODWLRQFDJHV HortScience 
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH 